ABSTRACT This paper addresses the problem of economic time series forecasting, and a new prediction method is proposed. The method fully capitalizes on the two key technologies, sparse representation, and fuzzy set theory, to handle the stock time series forecasting problems. First, sparse representation is applied to smooth the time series. Then, the fuzzy technology is used to convert time series into fuzzy series. Based on the number of the occurrence of fuzzy sets, the weights are calculated. Finally, the future value of the time series can be forecasted using the weights and inverse transformation of sparse representation. The experimental results show that the proposed method produces more accurate forecasted results.
I. INTRODUCTION
Economic development plays an important role in the development of a country. Based on accurate survey statistics and economic information, economic forecasting use the scientific method to predict the economic data, which from the history, current situation and regularity of economic phenomena, and to determining the future development prospects of economic phenomena. The stock price time series is a manifestation of economic time series. In recent years, many researchers have focused on financial markets and tried to use a variety of the up-to-date technologies to solve the information needs. Economic time series forecasting is one of the most attractive research issues. The economic time series is a typical nonlinear non-stationary time series with noises, which is affected by various uncertainties. Traditional statistical methods include Least Squares Linear Regression model, ARIMA model [1] , [2] , GARCH model [3] , etc., have been widely used. However, these methods cannot solve the problems of linguistic data. In order to solve the problems, Song and Chissom [4] - [6] first presented the concepts of fuzzy time series based on the fuzzy set theory [7] , many researchers have used fuzzy time series to predict the economic time series [8] - [10] .
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In the economic sphere, stock market has earned more and more concerns. Stock investments have become an important way for many families and individuals to manage their finances. The stock market is characterized by severe instability. When investing in stocks, it can sometimes bring high returns to investors, but it may also bankrupt their families. Therefore, the stock market has the characteristics of high profitability and high risk, the investors urgently need relevant technology and method for forecast of the stock prices. Most forecasting methods can only obtain the future point of stock prices. For stock forecasting, most investors also want to know the future changes in stock prices. In order to solve this problem, a fuzzy prediction method based on sparse representation is proposed. The proposed method has the following advantages: 1) Sparse representation is applied to smooth the time series. 2) Different fuzzy sets are given different weights.
3) Future trend in stock prices can be obtained in advance.
4) The proposed method produces more accurate forecasted results. The remaining content of this paper is organized as follows. Section 2 proposes a fuzzy prediction method based on sparse representation. Section 3 applies the proposed prediction method to forecast the Taiwan Capitalization Weighted Stock Index (TAIEX) time series, and compares the prediction results with other methods. Section 4 concludes the paper.
II. THE PROPOSED PREDICTION METHOD BASED ON SPARSE REPRESENTATION
In this section, we present a new fuzzy prediction method for forecasting economic time series based on sparse representation. Firstly, sparse representation is applied to smooth the time series. Then, fuzzy technology is used to convert time series into fuzzy series. Based on the number of the occurrence of fuzzy sets, the weights are calculated. Finally, the future value of time series can be forecasted using the weights and inverse transformation of sparse representation. All the steps composing this method are going to be described.
A. SPARSE REPRESENTATION
As we all know, most of real time series have characteristic of natural time-domain smoothness, such as stock price, commodity price, urban energy consumption, etc., that is, the values of the time series have the great change only in a few moments. Therefore, the difference between two adjacent sample values of the time series should be only a small amount, and most of the others can be ignored. Let given time series z be z = {z 1 , z 2 , . . . , z n }. Consider a matrix as follows:
The projection vector of the time series z under the matrix as follows:
where θ 1 is the difference between two adjacent sample values of the time series z. Therefore, only a small number of elements of 1 have non-zero values, and most of the others can be ignored. A common matrix for representing time-domain smoothness is also a second-order difference equation, as shown in the following.
. . .
θ 1 and θ 2 can be translated into a new series z = {z 1 , z 2 , . . . , z n }. The forecasting value of z can reflect future trends of the time series. For economic time series, the future trend of time series is more important to us. For stock price time series, if the future trend is up, we can buy the stocks, otherwise we can sell the stocks.
B. FUZZY SERIES
For the given series z = {z 1 , z 2 , . . . , z n }, apply the segmentation method [11] for the universe of discourse to cluster the given series into intervals. Assume that there are r obtained intervals u 1 , u 2 , . . . , u r , and the intervals can be obtained as following:
where z min and z max are the minimum and maximum of the series z = {z 1 , z 2 , . . . , z n }, and the a j , j = 1, 2, . . . , r − 1 are the segmentation points of the universe of discourse. Then define the fuzzy sets A 1 , A 2 , . . . , A r based on these intervals, as shown by
Fuzzify each sample in the series into a fuzzy set defined above. The sample is fuzzified into A i , when it inside the interval u i , and the results are shown in Table 1 . The second-order fuzzy logical relationship is represented as follows:
Group the fuzzy logical relationships having the same fuzzy logical relationships on the previous datum into a fuzzy logical relationship group, shown in Table 2 . 
C. WEIGHT GENERATION AND FORECASTING
According to the fuzzy logical relationships appearing in the fuzzy logical relationship groups obtained above, the fuzzy logical relationship vector are constructed and described as follows. Assume that A j1 , A j2 , . . . , A ji j are the fuzzy sets appearing in the fuzzy logical relationship group ''Group A j ''. Then, construct the occurrence vector O t , shown as follows:
where O t denotes the occurrence vector of sample z t derived from the fuzzy logical relationship group ''Group A m ''.
Then, the weight W A jh of the fuzzy variation A jh in O t is calculated as follows:
where 1 ≤ h ≤ r. The forecasted value Fv of O t is calculated as follows:
where u m h denotes the midpoint of the interval u h . The final result is calculated as follows:
where z n+1 = Fv, and z n+1 is the forecasted value of time series at time n + 1.
Finally, the proposed fuzzy prediction method based on sparse representation can be described as the following Algorithm 1.
III. EXPERIMENTAL RESULTS
In this section, the proposed fuzzy forecasting method based on sparse representation is applied to predict the TAIEX time series form 1991 to 1999 and from 2000 to 2004. In order to evaluate the performance of the proposed fuzzy prediction method, the root-mean-square error (RMSE) is used, and RMSE is defined as follows:
where n denotes the number of samples to be forecasted. 
A. FORECASTING THE TAIEX FROM 1991 TO 1999
The proposed prediction method forecast the year 1991 stock price time series, the forecasted results are shown in Table 3 . Table 4 and Table 5 make a comparison between the RMSEs and the averages RMSE obtained by the proposed method and the most representative approaches reported in the literatures. From Table 5 , it can be observed that the proposed method gets the smallest average RMSE compared to the seven approaches for forecasting the TAIEX. That is, the proposed method gets a higher average forecasting accuracy rate than AR(1) model and AR (2) [15] , [16] , and Huarng and Yu's method [17] to forecast the TAIEX.
B. FORECASTING THE TAIEX FROM 2000 TO 2004
The proposed prediction method forecasts the year 2000 stock price time series, and the forecasted results are shown in Table 6 . [19] - [21] , as shown in Table 7 , we can see that the proposed method gets higher forecasting accuracy rates than the methods presented in [12] - [21] for forecasting the stock index.
IV. CONCLUSIONS
In this paper, a fuzzy prediction method based on sparse representation is proposed. The empirical results show that the proposed method gets higher average forecasting accuracy rates than the existing methods. Firstly, sparse representation is applied to smooth the time series. Then, fuzzy technology is used to convert time series into fuzzy series. based on the number of the occurrence of fuzzy sets, the weights are calculated. Finally, the future value of time series can be forecasted using the weights and inverse transformation of sparse representation.
Future works will aim at generalizing the method to handle multi-factor forecasting problems and applying the proposed method to deal with more complicated real-world problems. 
